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Abstract
In face-to-face communication, the talkers attempt to communicate smoothly by sending and receiving non-verbal information, 
such as interpersonal distance and facial expression as well as verbal information. On the other hand, in the non-face-to-face 
communication, exchange of non-verbal information is limited. In this study, for the purpose of designing a comfortable 
communication space using avatar, focusing on interpersonal distance of avatar chat, we investigate the personal space 
inthevirtual space. Therefore, we have developed an experimental system in which the distance between the avatars can be
changed by the users during a chat, and performed the experiment. As a result of the experiment, the tendency personal space in 
virtual space is similar to the personal space in real space. However personal space varies depending on the relationship with the 
partner in the face-to-face communication, it doesn’t tend to vary in the virtual space using the proposed system.
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of AHFE Conference.
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1. Introduction
Dueto a development and diffusion of Internet and mobile PC,the opportunity of remote communication has been 
increasing. In face-to-face communication, people try to communicate smoothly using various non-verbal 
informationincluding a gaze, facial expression, body motion, interpersonal distance, paralanguage as well as verbal 
information that can be recorded in the text. In the study conducted by Albert Mehrabian, the impact of a speaker’s
behavior on a listener’s reaction has been studied when a speaker makes a statement contradicted own emotion and 
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Fig. 1. Classification of Personal Space [3].
attitude[1]. The result showed that the impression of the speaker obtained more than 90% information from the non-
verbal information other than verbal information, such as body motion and paralanguage…etc. Thus the importance 
of non-verbal information has been suggested.On contrary, in remote communication, the exchange of this sort of 
non-verbal information are limited. Therefore many tools have additional data such as smiley faces, stamps and 
avatars to fill in gaps.
This study has been performed to design a comfortable virtual communication space using avatar. In addition, a 
personal space invirtual spaceisexaminedbyfocusing ontheinterpersonal distance in virtual space.Personal 
spacerefersto the space or distancethat people feel uncomfortable when someone continues to approach them. In 
general the closer the relationship makes the personal space close (Fig. 1). In face-to-face communication, we have a 
comfortable communication in changing the space unconsciously[2].
In this study, the experiment was carried out to investigate the personal space in virtual space based on the 
measurement method and the characteristics of the one in real space. In the experiment, through the chat between 
the subjects, the impact of the subject’s communication ability on the personal space was examined depending on 
the conditions such as the partner’s gender, intimacy and the background image. Therefore, we also investigated the 
association with the communication ability based on psychological measurement scale.
2. Relevant study and research objective
2.1. Personal space in real space
The research on the personal space in real space has been widely conducted since 1960, including Edward Hall’s
Classification of Personal Space [3], Robert Sommer’s Personal Space[4], and the study in this filed still has been 
advanced in recent years.
Although the definition of the personal space has been proposed in various ways, they share the common 
interpretation that personal space is the space surrounding a human body, which is carried around with that person 
and tends to change its size in order to smooth human relations. Thus the background of the active research on 
personal space seems to be related to the change of working environments along with the social development: 
increasing an opportunity several people work together in a limited space. The researchers are helpful for people to 
communicate and work in such environment. 
The study conducted by Shibuya et al. presented the following results: In generally the personal space became 
shorter in same-gender subjects than in opposite-gender subjects.It also became shorter in the closely-related 
subjects than in the unknown-subjects. Moreover it changed depending on the degree of intimacy - the personal 
space with an intimate person became shorter and the one with the person disliked or concerned became longer[5]. 
The study also indicated the personal space became shorter in the child subjects than in the adult ones, and it became
shorter in the subjects with diplomatic personality than in the private person[6].
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stranger
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Moreover Saito and his colleagues investigated the association between the communication ability and the 
personal space in real space using KiSS-18 in their study. It presented that the personal space of a person with high 
social skills became short and the one of a person with low social skills became long in real space[7].KiSS-18 is the 
psychological measurement scale created by Kikuchi, based on the six categories of communication skills proposed 
by Goldstein. KiSS-18 is the psychological scale to measure the degree of acquisition of useful skills for smooth 
human relationships.  It is recognized as highly reliable and valid scale[8].
2.2. Personal space in virtual space
Although many researches on the personal space in real space have been performed, there are few researches
were made on the personal space in virtual space.
As the previous researches on the personal space in virtual space, Phillip Jeffrey and his colleagues examined
whether the personal space in virtual space existed, and how the space affected the communication[9]. The result 
showed that the personal space existed in the communication in the virtual space, and also showed it extended as the 
number of people in the space increased.
Nick Yee and his colleagues previously examined interpersonal distance and gaze movement in SecondLife 
according to gender, indoor or outdoor[10]. As the result, it is found that the interpersonal distance between the male 
subjects became wider than the female subjects and also found that the distance between male subjects became 
wider particularly in indoor.Moreover it is presented that the male subjects had wider gaze movements than the 
female subjects.
Sasaki and his colleagues investigated the influence of property of Metaverse on a shape of the personal 
space[11].The experiment was performed under 8 conditions as follows; 2 self-avatar: male/female x 2 partner 
avatar: male/female x 2 intimacy with self-avatar: known/unknown. The subject was asked to operate the partner’s
avatar in any conditions to measure the personal spaces. For the female subjects, like in real space, the personal 
space became shorter in same-gender avatar than in opposite-gender avatar, and shorter in the known relationship 
than in the unknown relationship. The male subjects also had the shorter personal space in known relationship than 
in unknown relationship; however, any changes due to the gender in the personal space were not seen.
2.3. Purpose of research
In the previous researches on the personal space in real space, the difference in the properties of personal space 
and human attributes, and the association with personalities using psychological measurement scale were examined.  
The results have been useful to provide a person with more comfortable space in working/communication 
environments.
On contrary, the previous studies on the personal space in virtual space confirmed its existence and investigated 
its nature, however, yet to provide a person with more comfortable space in working/communication environments.   
Therefore this study investigated the personal space in virtual space based on the assumption that the 
communication was actually carried out.The goal of this study is a proposal of comfortable communication 
environment for each user in virtual space.
In the experiment, two participants communicate by avatar chat which is provide by the proposed system, and 
then the other avatar - the subject was not allowed to operate - was moved close slowly to the self-avatar. The each 
participant was asked to stop the other avatar by push the key when the participant felt unconformable for the 
distance of two avatar. The participant of the other avatar was chose from a friend of the subject and someone new 
to the subject respectively to investigate the effect of intimacy.In addition, the participant was asked to choose the 
self-avatar and the partner avatar used in the experiment.Thus it is implicated that the subject was able to project 
himself/herself onto the both avatars, making it possible to measure the personal space closely in the real space. 
Moreover, to provide an individual with more comfortable space, we studied the association with personal space in 
virtual space using KiSS-18.
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Fig. 2.(a) Example of display of system in case of indoor experiment;(b) Example of display of system in case of outdoor experiment.
In this study, we aimed at designing a comfortable virtual communication space using avatars by focusing on the 
inter-personal distance between the avatar chat and also examined the personal space in virtual space by reference to 
the personal space in face-to-face communication.
3. Outline of experimentalsystem
To measure the personal space in virtual space, we developed the system enable to change an avatar (self/other),
a background image, and a distance between avatars during the chat.Fig. 2 shows an example of the display of the 
system in case of indoor andoutdoor environments. The character situated in the center of the display is the self-
avatar and the one in the right side is the partner avatar.
The most reliable measurement method of the personal space in real space is stop-distance method.This is the 
method to measure the inter-personal distance, which asks one participant in the experiment to approach to another 
until the point when they start to feel uncomfortable. That distance is measured as the personal space. Based on this 
method, the subjects were asked to push Stop button at the point they started to feel uncomfortable when the partner 
avatars keep approaching to the self-avatars (Shown in arrow in Fig. 2). The action of the partner’s avatars stopped 
then. The distance between the avatars was measured as the personal space in virtual space.
4. Experiment
4.1. Experimental purpose
Based on the results obtained in the previous researches, this experiment aimed to measure the distance between 
the avatars in virtual space under the conditions such as the avatar’s intimacy(known/unknown), 
gender(same/opposite sex) and the background image(indoor/outdoor) using stop-distance method. The relationship
and intimacy between the subjects and the chat partners was investigated by the questionnaire. In addition, the
association between the subjects’ communication abilities and the personal spaces using Kiss-18 as the
psychological measurement standard of the communication ability.
4.2. Experimental procedure
The experiment was performed by four participants of two pairs in which one knew each other. The experiments 
were performedby the 36 participants. A questionnaire on KiSS-18, psychological measurement standard of the 
communication ability, and the relation with the partner was prepared for the subjects to answer. First of all, the
subjects were asked to enter their names and chose the self/partner avatars respectively on the system mentioned 
earlier. Then they started to chat. The characters of participant and chat partner are selected by the participant.
Since the stop-distance was used for measuring the inter-personal distance, the subjects were asked to push Stop 
button to stop the partner’s action when they felt uncomfortable with the partner avatars’ proximity.
㹟 㹠
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Fig. 3.Average and standard deviation of personal space in indoor/outdoor image.
4.3. Experimental result
As the result of Kiss-18 by 36 subjects, there was no significant difference between the male and female scores. 
Fig. 3 shows the average and standard deviation of the distance of the personal space between the indoor/outdoor 
background images. There is nosignificant difference between them. By using the proposed system, the difference of 
background doesn’t influence on the personal space.
Fig. 4 represents the average value of the distance of the personal space between male and female. It is found that 
the distance of the female personal space significantly tends to be shorter than the male. As mentioned earlier, 
female personal space tends to be shorter comparing to male’s one. In short the same tendency was also found in the 
avatar communication.
Fig. 5 shows the average value of the distance of the personal space according to the gender of the partner. As for 
the male subjects, there are no significant differences in the gender of the partner. The distance of the personal space 
tends to be shorter when they chat with same-gender partners.
Fig.4. Average and standard deviation of personal space in male/female.
Fig. 5. Average and standard deviation of personal space according to partner’s gender.
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Fig.6.KiSS-18 score and Classification of high/low ranked group.
Therefore it is found that the male subject is not affected by the partner’s gender very much in the distance of the 
personal space, however, the female subjects were affected by the partner’s gender: the distance of the personal 
space became shorter with same-gender partner than with opposite-gender partner.
Subsequently, 36 subjects were ranked based on the result of KiSS-18 and divided into a high-ranked and low-
ranked group respectively, 18 subjects each, to valid the relationship between the communication ability and 
personal space. The result is given in Fig. 6.
Fig. 7 presents the average value comparison of the distance of the personal space between the high-ranked group 
with high-communication ability and the low-ranked one with low-communication ability. It is found that there is
significant differences between the two groups and that the high-ranked group has a shorter distance of the personal 
space. It was already described that, in real space, a personal space of a person with high communication ability 
became shorter than a person with low communication ability. In virtual space, it is shown the communication 
ability has a lot of influence on the distance of the personal space likewise.
Additionallythe scatter diagram of the relation between the result of KiSS-18 and the distance of personal space 
is shown in Fig. 8. It shows a weak correlation between the personal space and the score of KiSS-18 in male
subjects and a strong correlation in female subjects. From the result obtained from the gender experiment mentioned 
earlier, female is considered to be more sensitive to the inter-personal distance with the other person comparing
to male.
Fig.7. The average and standard deviation of high/low ranked group.
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Fig.8.Association between KiSS-18 score and personal space.
Fig. 9shows the histogram of the answer by both groups to the question as follows; “When you had a chat with a 
partner, did you feel a change in easiness to talk according to the distance change?” As the results shows, there 
issignificant differences (p<0.05) between the two groups. This explains that the high-ranked group is concerned to 
the inter-personal distance with the partner in the communication in virtual space and the opposite tendency is seen 
in the low-ranked group.
Fig. 10 shows the average value comparison of the distance of the personal space according to the intimacy level 
between the subjects. The subjects answered the following 4 scales: Intimacy level 1 “never talked”, Intimacy Level 
2 “have been talked”, Intimacy Level 3 “know contact information” and Intimacy Level 4 “have gone out for meal”. 
Fig.9.Result of questionnaire on distance and friendliness.
Fig.10.Average distance of personal space according to degree of intimacy.
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As shown in Fig. 10, it is found that the relation between the intimacy level and the distance of the personal space 
cannot be seen, that is the distance of the personal space will not change according to the intimacy level with the 
partner in this system. Therefore this experiment explains that the distance of the personal space in virtual space will 
not short even as the intimacy level increases, although the one in real space is considered short as the intimacy level 
increases.
5. Conclusion
This study investigated the personal space in virtual space aiming to design a comfortable communication space 
using avatars. The avatar chat system was built to investigate the space described above, which enabled to measure 
the distance between the avatars and the experiment was conducted using this system. Moreover the analysis was 
made by dividing the subjects into two group (high-/low-ranked) based on psychological measurement standard of 
communication abilities using KiSS-18.
As a result of the experiment, the distance of the personal space tended to be shorter in the female subjects than 
in the male counterpart. In the experiment conducted according to the partner’s gender, no difference was seen in the 
male subjects. However the female subjects tended to have the shorter distance of the personal space with a same-
gender partner than with an opposite-gender counterpart. Additionally it was found that the distance of the personal 
space became shorter in a person with higher-communication ability than in a person with lower-communication 
ability. All of these results were same as the outcomes obtained the research on the personal space in real space. In 
virtual space, however, the personal space did not tend to vary depending on the intimacy level with partners 
contrary to real space, where the personal space varies depending on the intimacy level.
Consequently it was found that the personal space in real space is easily affected the intimacy level with partners 
and that the one in virtual space is affected by an individual personality rather than by the intimacy level with
partners.The followings reasons are considered for; 1.the subjects had to select avatars from prepared characters; 2. 
Unlike experiments in real space, conducted from the first-person viewpoint, in this study the experiment was 
performed from the third-person viewpoint, that is, the subjects had a difficulty to project themselves onto the 
self/partner avatars.
Finally we will give some prospective points for the future works on this research.  It is necessary to perform an 
experiment using avatars easily projected user’s or partner’s own personality by improvement in avatar set-up and 
extending a period of use.  It is also needed to conduct an experiment from the first-person viewpoint.
A further investigation on users’ personalities by conducting a survey and other measures hopes to provide them 
with appropriate inter-personal distance and to realize smooth communication in avatar communication.
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